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Description 

TECHNICAL FIELD 

5 The present invention relates to a mineral composition, and food comprising the same. More particularly, the 
present invention relates to a mineral composition having excellent dispersa>ility. particularly excellent dsperslbllity in 
water phase, and food comprising the same. 

BACKGROUND ART 

70 

In general, since the vuaterHnsolut)le mineral has a high specific gravity of usually 1.5 or more, the water-insoluble 
mineral is easily precipitated in water. Therefore, in order to stably disperse the watar-insolubie mineral in water, it is 
necessitated that the water-insoluble mineral Is firstly made into fine particles. 

As to methods for making the water-insoluble mineral into fine particles, there have been generally known physical 
15 crushing methods using a ball mill or jet milL However, in tfus method, there is a limitation in obtaining fine particles hav- 
ing a particle size In the order of sey^eral microns, so that it is rriade impossible to stably disperse the fine particles in 
water. 

As to methods for preparing fine particles having particle sizes in the order of submiaons, which are even smaller 
than those of the fine particles desaibed above, there have been numerously reported chemical production methods 
^ -> utilizing reactions for forming salts by neutralization. According to this method, there can be produced ultraf Ine particles 
having a particle size of 1/100 microns. However, the resulting ultrafine particles are immediately fbmied into secondary 
agglomerates after its formation, so tiiat there poses a problem in forming coarse particles leaving partide sizes in the 
order of microns. 

In order to eliminate this problem, there have been proposed metiiods for adsorbing and retaining primary fine par- 

25 tides in ttie three-dimer^ional, network structure of cr^talline cellulose or mucopdysaccharides by adding the crystal- 
line cellulose and the mucopdysaccharides in water (Japanese Patent LaidOpen Na Sho 56-1 17753 and Japanese 
Examined Patent Publication No. Sho 57-35945); and methods of alleviating specific gravity by. when adding a water- 
insoluble mineral to fats and oils and dispersing tiie water-insolii)le mineral therein, adjusting tiie content of the fats and 
oils in the resulting mixture so as to have the content to be 30% by weight or more (Japanese Patent LaidOpen No. 

30 Sho 57-1 1 01 67). In any of these methods, however, since it is needed to contain large amounts of the substances otiier 
than the targeted waternnsoluble mineral, there are defects in that tiie solute dispersed tiierein is diluted, and that the 
dispersibiiity of the water-insoluble mineral becomes drastically poor. 

As to methods for eliminating the above defects, there have been devefoped a method for treating surfaces of fine 
partides of a water-insoluble mineral with an organic acid or an alkalizing agent (Japanese Patent Laid-Open No. Sho 

35 61 -1 5645); a method for adsoit^ng a surfactant, such as sucrose ester, to surfaces of fine particles of a water-insoluble 
mineral (Japanese Patent Laid-Open Nos. Sho 63-1 73556 and Hei 5-31 981 7), and the like. In the former method, how- 
ever, tiiere is a defect in that the metal fons constituting the water-insolubie mineral are likely to be made into free ions 
in the water phase. In addition, in the latter method, there are defects in that the surfactant layer formed by adsorption 
to the surfaces of fine particles of a water-insoluble mineral is peeled off by heating for sterilization, and tiiat secondary 
( 0 agglomeration of the fine partides takes place 

Incidentally, in general, tiiere are many minerals as nutrients having kTw absorptivity when taken intracorporeally. 
Also, there are varfous defects in tiiat those minerals having good absorptivity when taken intracorporeally have color- 
ation, odors, or flavors, or those minerals may be easily reacted with other ingredients in food, and that inrftability against 
mucous membranes of digestive tracts. For instance, as iron supplements, Japanese Patent Laid-Open Nos. Sho 63- 

45 276460, Hei 3-10659, Hei 5-49447, and Hei 7-170953 disdose iron porphyrin, ferritin, or lactoferrin. each of which is a 
natural-occurring iron material. However, since those iron materials have coloration and distinctive flavors, their appli- 
cations to food are limited. In addition, since these nutrients £ure obtained by extraction from particular organs, there 
poses a problem in that mass production cannot be achieved owing to the necessity of complicated processes for its 
extraction. 

50 Objects of the present invention are to provide a mineral composition having high thermal stability and excellent 
dispersibiiity without requiring large anx)unts of crystalline cellulose or fats and oils fo be added to tiie water-soluble 
mineral, and food comprising the same. 

Anotiier objects of the present invention are to provide a mineral compositfon having high absorptivity when taken 
intracorporeally. substantially no coloration, odors, flavors, tow reactivity with other ingredients in fbod. and small irrita- 
55 tion against mucous membranes of digestive tracts, and food comprising tiie same. 

These and ottier objects of tiie present invention will be apparent from tiie following description. 
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DISCLOSURE OF iMVPMTinM 

According to the present invention, there can be provided a mineral-containlna comnnciti^n r^r^^r. ■ • 

BRIEF DESnRIPTinM npT HE DRAWIMr>Q 

^JZVr^ ^J^"^ ^'^^^ distributions of Product I obtained in Example 1 Reference Product A 
obtained .n Comparative Example 1 . and Reference Product B obtained in Comparative SmL 2 

Figure 2 is a graph showing the iron concentration in sera with respect to the oassaae of La .h™- ■ « 

BEST MODE FOR CARRYIMq O UT THF IMVFMTf nK| 

^ bie nTnerS"'^' '^''^ enzymatically decomposed lecithin and a water-lnsolu- 

Because the mineral composition of the present invention includes the enzymaticallv decomnos^ L«.iihin »^ 
composrtion has excellent dispersibility of the water-insoluble mineial decomposed tecithin. the 

^^^^ 

derived ones, such as molds piam-aeriveo ones, such as cabbages, microorganism- 

T " ' ^^^"^ to an ester formed between a poSS aSvS JJf and its 

estenf«»t.onratioisno.part.cularlyIim«ed.Theidndsof.hef«.yacidsa«not^^^^^ 
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tion, It is desired that the fatty acid has hydroxy! group in a saturated or unsaturated, linear or branched fatly add having 
6 to 22 caiton atoms. preferal)Iy 8 to 18 carbon atoms, more preferably 12 to 14 caibon atoms. 

Methods for preparing of the polyglycerol ester of a fatty add are not particularly limited. The methods include a 
method comprising heating a fatty acid and a polyglycerol to a temperature of 200°C or more, while removing water in 

5 the presence or absence of an acidic or alkali catalyst, thereby esterifying the product: a method comprising using an 
add chtoride or an acid anhydride corresponding to a fatty acid instead of the fatty acid, and reacting the acid chloride 
or the add anhydride with a polyglycerol in a suitable organic solvent such as pyridine; a method comprising subjecting 
a polyglycerol to chemical treatment such as acetalization in advance, thereby esterifying the product; and after ester- 
if ication. removing the resulting acetal. thereby inhibiting the formation of by-products; and a method comprising selec- 

10 tlvely esterifying a polyglycerol by using an enzyme in the non-water reactive system (an organic solvent system) 
containing minimally required amount of water. Of those methods, a method can be suitably selected. 

Other components contained In the polyglycerol esters of fatty adds may be suitably separated and removed. The 
components can be removed by the methods including, for example, distillation methods, such as distillation under 
reduced pressure, molecular distillation, and steam distillation; extraction methods with suitable organic solvents; chro- 

15 matography methods in which a column is packed with an adsorbent, a gel filtration agent, or the like. Also, among 
those methods, the extraction methods with the organic solvents and the chromatography methods can be favorably 
used from the practical viewpoint. According to the extraction methods with the organic solvents, target components 
can be easily ot>tained by adding water to a reaction mixture after reaction, extracting with an organic solvent, and then 
removing the organic solvent The organic solvent may be those which are water-insoluble. The organic solvents 
{ ' include, for example, low molecular fats and oils, such as ethyl acetate, methyl acetate, petroleum ethers, hexane, die- 
thyl ether, benzene, glycerol tricaprylate, and the like. 

Compositions of the polyglycerol constituting the polyglycerol ester of a fatty add are not particularly limited. In the 
present invention, the polyglycerol preferably contains 70% by weight or more of a polyglycerol having a degree of 
polymerization of 3 or more, and the polyglycerol more preferably contains 70% by weight or more of a polyglycerol hav- 

25 ing a degree of polymerization of 3 to 10. Also, the esterif ication ratio Is not particularly limited. It is desired that the 
esterif ication ratio is 10 to 80%. preferably 10 to 60%. more preferably 10 to 30%. 

Also. In the present invention, when used together with the enzymatically decomposed lecithin, a polyglycerol ester 
of a fatty add of which constituent is a polyglycerol which contains 70% by weight or more of a polyglycerol having a 
degree of polymerization of 2 or more, preferably 3 to 10. more preferably 3 to 5. has extremely good dispersibility of 

30 the water-insoluble mineral. In this case, it is desired that the carbon atoms of the tatty acid which can be used as the 
constituent of the polyglycerol ester of a fatty acid are 6 to 22, preferably 8 to 18. more preferably 12 to 14. 

As to the sucrose esters of fatty adds, there can be favorably used the sucrose esters of fatty acids of which con- 
stituents are saturated or unsaturated fatty acids having 12 to 22 carbon atoms, and the mean substitution degree is 1 
to 2.5. Here, the mean substitution degree is referred to a mean bond number of a fatty acid esterified in one sucrose 

35 molecule. 

The glycerol esters of fatty adds include esters formed between glycerol with a fatty acid, and mixtures of 
monogiycerides, diglycerldes and triglycerides, which are obtained by transestertf ications of glycerol with fats and oils. 
In the mixtures of monogiycerides, diglycerldes and triglycerides, the content of the monogiycerides may be increased 
by sut)jecting the mixture to separation and purification treatnnents by the molecular distillations or the column methods, 
^ ^ depending upon its use. 

The propylene glycol esters of fatty acWs comprise monoesters and diesters, each of which is obtained by esterif i- 
cation reaction of propylene glycol with a fatty add, or transesterif ication reaction of propylene glycol with fats and oils. 

The sorbifan esters of fatty acids are an ester formed between a fatty acid and sorbitan. which is a dehydrated prod- 
uct of sorbitol, a sweetening. 

45 The glycerol esters of fatty acids, the propylene glycol esters of fatty acids and the sorbitan esters of fatty acids are 
not particularly limited, and tiiose commercially available can be suitably selected. 

Incidentally, the dispersibOity of the water-insoluble mineral can be also improved by using mucopolysaccharides 
such as crysfalline cellulose and xanthan gum; hydrophilic polymeric compounds such as polyvinyl alcohols, copoly- 
mers of vinyl acetate and polyvinyl alcohol, and the like. However, when no enzymatically decomposed ledtiiin is used, 
50 the dispersibility cannot be suff idently Improved by inhibiting secondary agglomeration of the water-insotuble minerals.^ 
The water-Insoluble minerals which can be used in the present invention are not particularly limited. The water- 
insoluble minerals indude. for example, iron, caldum, magnesium, zinc, copper, and the like. Among them, iron, cal- 
cium and magnesium are favorat^y used, and iron is more favorably used. ^ 

The forms of the water-insoluble minerals generally indude inorganic salts, organic salts, and the like. 
55 The inorganic salts include, for example, iron salts, calcium salts, magnesium salts, zinc salts, copper salts, sele- 
nium salts, and the like. Each of those inorganic salts can be used alone or in admixture of two or more kinds. 

The iron salts indude. for example, iron chloride, iron hydroxide, feme oxide, iron carbonate, iron lactate, feme pyro- 
phosphate, fenous phosphate, iron sulfate, iron orolate. iron dtrate. salts of iron citrate. Iron gluconate. Iron threonate, 
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The calcium salts include, for example, cateium chloride, calcium citrate, c»lclGmS5onate^eaiduin arateta «.i 
cmm o«de. caldum hydroxide, calcium lactate, calcium pyrophosphate. <atei^^^S'£ iib^^' 
5 gluconate, calcium glycerophosphate, echinus shell cauZ^ sS <Si^^'SZm^r^^l' S^''''^ 
f.s bone calaum. coral calcium, milk serum caldum. egg shell caldum. anSir^C^^rS^ ^^"^^^^^ 

cr3:a?rSeT^^^^ 

io-<^rJ!^!^fS"'^^ '''^'^^'^'^^'^^^- "^gnesium acetate, magnesium oxide, magnesium hydroxide maone- 

The copper sails include, for example, copper ethyienediaminetetraacetate. copper acetate Conner <i..ifa«a 
« gluconate, and the like. Among them, copper gluconate can be tavoraWy used nXr^m i^eSST ^ ' ^ 

^e f^lenium salts .ndude. for example, sodium selenite. selenomethionine, sele ^ 
them, selenomethionine can be fevorably used in the present invention «^eme, ana the hke. Among 

r.JIZT^'"^*!^^ ^ *® '"^"tio" not particularly limited From the vie», 

Concrete examples of the metal salts having a solubflity product in water at 25»C of 'l 0 x 10-' or less inri,^ 
^(ample^aver chloride (AgCI. a solubiSty product in water at 25»C: 1 .0 . lO'iO); silver pWi^atefS pS^'.^^ 
ubilg product in water at 25-C: 1 .0 x lO^i); aluminum hydroxide (AKOHfe. a solubi^ S^w^JjtK^^ of J 
wrl^- i"™""'" phosphate (AIPO4. a solubility product in water at 25°cf5.8 x m4 Sim is? a S,. 

bdj product in water at 2^C: 1 .0 x lO-'"): barium phosphate (Ba3(P04)a. a sollitt ^i^t^5»b sTx' 

i Dl^'^,^^ ^ solubility ixoduct in water at 2l-C: 51 x lO ^); oa\S^S^^S£e%a p '?^ 

30 I f^^«^'^^^^^^G: 2.0 X 10-13): calcium Phosphate (Ca,(PoJaZS^^aTZSy2S{- 
30 2.0 X 10 29); calcium carbonate (CaCOg. a solubility product in water at 25''C- 4 7 x 

a solub% product in water at 25»C: 8.0 x lo-^^); ferrous phosphate (F.,(P04fc^ S^XuSte^^^^^^ 
IpJn 'l[;9Py'^^^°^ (Fe4(PA)3. a solubility product In Ster fzs'C: 2.0. lO^i^ZsJ^a 

at 25°C. 1.1 x 10 "): magnesium pyrophosphate (MgaPsO,. a sdubilHy oroduct in water ^ 25T- ? 1 in^"^ 
35 chloride (CuCI, a solubility product in water at 25»C 3 2 x lO'^)- c^S^^^Z^^l S^t ^° ^= 
at 2ff.C: 2.5 X 10-10); manganese hydroxide (Mn{8H), a ZlS^^SX^'i-^S^T^ 

£nM^!^n sS ar^*, ^^^^^.^^"^^ ^.0 x 108); and the liKe. Among the metal s^ts^lSS^SfJ' 

SrSSio"?cr^^ 

'):mangar^e sulfate (MnSO4.a60lubility product In water at 254: 1.0x10^ 

rous phosphate, ferric pyrophosphate, caldum carbonate, pyrophosphate typiiiraxe^J^i^ b^S^^ n 5 
«> phate caldum phosphate, magnesium hydroxide and mag'JeTum w^hS^te "r^fpS^^^^S; 
pyrophosphate and caldum caibonate are still more preferably used ^^^"^ "® preferably used. Feme 

^ °* "^8^ concentrBtions (mol/litei) of cations and anbns in a saturated solu 
ton of salt. Among the sduhility products and general solubilities, there is L correlatfon^^ Ihe SS^^a 

re«fSri^H *r Jt^f f '^^'^ ^ "^^'^^ ^ ^ b represents numbeis of atoms of M and X 
respectively, and the solubility is denoted by S. the solubility product (Ksp) is expressed by the equato^ ^'^ ^• 

K8p=[M] °[X] ^(as) ^(bs)^a^b^s^'^' 
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wherein inside the parentheses [] denotes ion densities expressed as moi/Iiter. 

Taking calcium carbonate (CaCOs) as one example. Ksp of CaCOa is 4.7 x 10'^. When the values are plugged into 
the equation, the equation reads: 

5 [Ca)'[CO3]^=S^=4.7x10*^ 

The solubility S ot CaCOs is about 6.9 x 1 0'^ mol/liter (6.9 ppm). so that it is tound that CaCOs is water-insoluble. 

From the above, the solubility of salts having a solubility product of more than 1 .0 x 1 0'^ is about 3.2 x 10'^ moMiter 
which is about 100 times as large as the solubility of CaCOa. so that the salts are not water-insoluble in a strict sense. 
10 By a slight change of pH in the water phase, free metal ions are formed from the salts on the surfaces of the water-insol- 
uble mineral, which makes the solutions unstable, thereby inhibiting the formation of the adsorption interladal layer of 
thermally stable enzymatically deconposed lecithin. 

By contrast, In the present invention, since the water-insoluble mineral Is used and secondary ag^omeratlon of the 
water-insoluble mineral can be effectively inhibited, the shapes of primary fine particles of the water-insoluble mineral 
15 can be retained, so that stable disperslbility of the fine particles can be c±)ta(ned. 

The particle size of the water^insolubleTnTrieral is not particularly limited. From the viewpoint of the disperslbility, it 
is desired that the partk;]e si^gj^g gTuri or lessj i)Kj it is more desired that 80 vol% or more of the particles of the entire 
particles have a particle siz^^oiO^i^pm^^ for obtaining the water-insoluble mineral having the above par- 

tide size include, for exanpleTphysical crushing methods by means of, for example, homomixers. ball mills, jet mills, 
/ 0 and the like; methods for forming salts by neutralization, and the like. Among the methods, from the viewpoint of easily 
obtaining fine particles with an even particle size, the methods for forming salts by neutralization is preferably used. 
Here, the methods for forming salts by neutralization are the methods for preparing salts by reacting adds and alkalis. 
The methods for forming salts by neutralization Include, for example, a method for preparing a salt by a neutraiizatbn 
reaction of a strong acid with a strongly basic salt, including, for example, a method for preparing ferric pyrophosphate 
25 (Fe4(P207)3 by a neutralization reaction of fe'ric chloride (FeCIa) with tetrasodium pyrophosphate (Na4P207): a method 
of preparing a salt by a neutralization reaction of a weak acid with a strongly basic salt including, for example, a method 
for preparing calcujm carbonate (CaCOs) ^ neutralization reaction of carbonic add (H2CO3) with calcium hydroxide 
{Ca(0H)2). According to the nnefhods for forming salts by neutralization, ultra! ine partk;les with a partide size of 0.01 to 
0.1 fim can be obtained. 

30 In the mineral composition of the present invention, as occasion demarxls. in order to Improve the dispersibillty and 
stability of the mineral composition, there can be used additives induding, fa example, phospholipids such as lecithin: 
organic acid esters of monoglycerides. such as monoglyceride dtrate. succinylated monoglyceride. acetyl^ted 
monoglyceride. diacetyl tartaric add esters of mom}giyceride and lactated monoglycerida Incidentally, the lecithin is a 
general trade name, which is a generic term for the phosphol'pids. 
35 Methods for preparation of the mineral composition of the present invention are not particularly limited. The meth- 
ods include, for example, a method comprising dissolving the enzymatically decomposed lecithin in an aqueous solu- 
tion of a metal salt used as a water-insoluble mineral; a method comprising dispersing a metal salt, as a water-insolutrfe 
mineral, in an aqueous solutfon of the enzymatically decomposed lecithin, and the like. 

As mentioned above, the mineral composition of the present invention indudes the enzymatically decomposed lec- 
( 0 Ithin and the water-insoluble min&al. 

The mineral composition of the present Invention can be used in powdery state, and it can be used also in water- 
dispersed state containing water. 

In this case, from the viewpoint of the disperslbility of the water-insolutde mineral, it is desired that the content of 
the enzymatically decomposed lecithin in the mineral composition of the present invention is 0.01% by weight or more. 
45 preferably 0.1% by weight or more. Also, in order not to give poor Influence in the flavor of fbod when using the enzy- 
. matlcally decomposed lecithin in foods, it is desired that the content of the enzymatiGally decomposed lecithin in the 
mineral composition is 20% by weight or less, preferably 15% by weight or less. 

From the economic viewpoint, it is desired that the content of the water-insoluble mineral in the mineral composition 
is 1% by weight or niore, preferably 10% by weight or mora Also, from the viewpdnts of the fluidity and operating ability 
so upon addition of the water-lnsolubid mineral, it is desired that the content of the water-insoluble mineral in the mineral 
composition is 50% by weight or less, preferably 30% by weight or less. 

Rom the viewpoints of the maintaining dispersion stability of the mineral composition and operating ability, it is 
desired that the content of water in the mineral composition Is 40% by weight or more, preferably 65% by weight or 
more. Also, from the economic viewpoint, it is desired that the content of water in the nv'neral composition is 80% by 
65 weight or less, preferably 75% by weight or less. 

When the other constitijents are contained in the nnineral composition of the present invention, the content of the 
otiier constituents in tiie mineral composition may be suitably adjusted witiiin the range so as not to impair tiie purpose 
of -the present invention. Use of the mineral composition of the present inventton is not particularly limited. The use 
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includes, for example, food, drugs, feeds, cosmetics. Industrial producfs, and the like 
ucts such as yogurt, cheese, butler, ice cream, coffee whitener. whipped S ^^^^^^ 



Example 1 
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ion-^XX"^^'7£S^ ^ pyropt^sphate decahydrate in 500 kg of 
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ence Product A. 
Comparative Example 2 

5 The same procedures as in Example 1 were carried out except that the enzymatically decomposed lecithin in 
Example 1 was replaced with a sucrose ester of a fatly ackl (trade name: "RYOTO SUGAR ESTER S-1 570." manufac- 
tured by Mitsubishi Chemical Corporation), to give a 10%-ferric pyrophosphate slun-y, Reference Product B. 

As the properties of Product I and Reference Products A and B prepared in Example 1 and Comparative Examples 
1 and 2, the water dispersibility and the particle size distribution were evaluated according to the following methods. 

10 

[Water Dispersibility] 

To 100 g of each of Product I and Reference Products A and B prepared in Example 1 and Comparative Examples 
1 and 2. each being a 10%-ferric pyrophosphate slun-y, was added 900 g of commercially avail^le milk. The preclpitat- 
15 ing property when the concentration of ferric pyrophosphate is 1% was evaluated with the passage of time. 

As a result, in Reference Product A, almost 100% of the resulting product precipitated after allowing it to stand for 
10 minutes, and in Reference Product B, about 90% of the resulting product precipitated after allowing it to stand for 6 
houra 

By contrast, in Product I prepared in Example 1. no precipitation fbmrted even after the passage of time of 500 
( » hours. 

[Particle Size Distribution] 

Each of the particle size distributions of Product I and Reference Products A and B. each being a 10%-ferric pyro- 
25 phosphate slurry, was measured by using a faser diffraction particle size distribution analyser (trade name "HELOS." 
manufactured by SYMPATEC). The results are shown in Figure 1 . In Figure 1 . (A). (B), and (C) are graphs showing par- 
ticle size distributions of Product I. Reference Product A. and Reference Product B, respectively 

It is clear from the results of the particle size distributions shown in Figure 1 and the water dispersibility that since 
Product I prepared in Example 1 (particle size distribution: 0.01 to 0.3 ^im) has an extremely small particle size, as com- 
30 pared to Reference Product A prepared in Comparative Example 1 (particle size distribution: 0.2 to 5 ^m) and Refer- 
ence Product B prepared in (Comparative Exarnple 2 (particle size distribution: 0.2 to 3 ^m). Product I is uniformly 
dispersed in water. 

It is clear from the above that iron-fbrtified milk having stable iron dispersibility can k>e obtained according to Exam- 
ple 1. 

35 

ExamDle2 

In 120 kg of ion-exchanged water were dissolved 20 kg of caidum chloride dihydrate and 3 kg of enzymatically 
decomposed iecititin (trade name: "SUNLECFTHIN L," manufactured by Taiyo KagaKu Co.» Ltd.) to prepare a calcium 
^ J solution. 

To a solution prepared by dissolving 1 1 kg of sodium cartx>nate and 14 1^ of a potyglycerol ester of a fatty acid 
(trade name: "SUNSOFT A- 1 2E," manufactured by Taiyo Kagaku Co., Ltd.) in 260 kg of Ion-exchanged water was grad- 
ually added the calcium solution prepared above with stirring. The pH of the resulting mixture was tiien adjusted to 9.0. 

After forming of the salt of calcium carbonate by neutralization reaction was terminated, the resulting reaction mix- 
45 ture was subjected to solid-liquid separation by centrifugation (3000 x g, for 5 minutes). Thereafter, 1 0 kg of calcium car- 
bonate, calculated as weight of dry basis, formed in the solid phase was collected, and tiie resulting product was ttien 
re-suspended in ion-exchanged water, to give a 10%-caicium cartx)nate slurry. Product II. 

CqmpygtiVg Example 3 

so 

In 120 kg of ion-exchanged water was dissolved 20 kg of calcium chloride dihydrate to prepare a cateium solution. 

To a solution prepare by dissolving 1 1 kg of sodium carbonate in 260 kg of ion-exchanged water was gradually 
added tiie calcium solution prepared above with stining. The pH of the resulting mixture was then adjusted to 9.0. 

After forming of the salt of calcliin cari^onate by neutralization reaction was terminated, the resulting reaction mix- 
55 ture was subjected to solid-liquid separation by centrifugation (3000 x g. for 5 minutes). Thereafter. 8 kg of calcium car- 
bonate, calculated as weight of dry basis, formed in the solid phase was collected, and the resulting product was then 
re-suspended in Ion-exchanged water, to give a 10%-calcium cart)onate slurry, Reference Product C. 

Next tiie transparency of Product II prepared in Example 2 and R^erence Product C prepared in Comparative 
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Example 3. each being a 10%-ca(cium carbonate slurry, was evaluated according to the following method. 
[Transparency] 

In 200 parts by weight of a 10%-aqueous solution of a polyvinyl alcohol (manufactured by Wato Pure Chemical 
lndustr,es)was dispersed 200 parts by weightdeach of Pr^^^ 

pared m Comp^ative Example 3. each being a 10%.caidum carbonate slurry. Thereafter. Se Sn^S^^^^^ 
appjed to a surface of glass in a thickness of 1 mm. and the coated glass was dried in an cen at 1 2^0 tJ^ tens^ar! 
ency of the resulting coating film was observed by gross examination. " « ne ranspar 

As a result. In contrast to Product II prepared in Example 2 had a good transparency. Reference Product C ore- 

E3(ample? 

M n °I r^"" ^ ^'^ "^"^ 10 9 sodium cariwnate. 7 g of sodium hydrogencarbonate 

To the resulting bathing agent solution was added 50 ml of Product II prepared in Example 2 or Reference Product 
C prepared .n Comparative Example 3. each being a 10%Haldum caAonTslurry. The^ate of p^^T^. 
cium carbonate when kept standing was observed prewpnaiion or cai- 



Examala4 



h«uiln?^i T^^r^ T*'*^**^'^^ ^ 9 of ferric pyrophosphate. 27 g of pentaglycerol monomyristate 

hav.ngacontertofpolyglycerolhavingadegreeofpdymeri2ationof3to11:94%bywei^ 

cally decomposed lecrthin. The resulting mixture was suffidenUy stirred and dispersed Jma^wmilTS^n 

l<gofalO%.su8penslonrtaferricpyrophosphaleconpo8itioaPi«ductr^^^^^^^ 



EmmpleS 



In 883 g of ion-exchanged water were dissolved 90 g of ferric pyrophosphate. 22.5 g of pentaolvcerol monnm«r 
■state having a content of polyglycerol having a degree of pdymerizS. ofl^to 1 lf^% by 1^071' 
enzymateally decomposed lecithin. The resulting mixture was sufficiently stirred and dis^Sng ^hoii^iSi 
gn« 1 .0 kg Of a 1 0%^nsion of a feme pyrophosphate composition. Product IV ^ homomixer. to 



Example 6 



H J!!,^.Sr;'^"^ water were dissolved 1.3 kg of ferric chloride hexahydrate aixl 30 g of the enzymaticaBy 
decomposed lecrthin to prepare an iron solution. «i*yrnaiicany 

n»nJ°.^ pyrophosphate solution prepared by dissolving 2 kg of tetrasodium pyraphosphate decahydrate and 170g of 
pentaglyc^ol monomyristate having a content of polyglycerol having a degree of poUenzation of 3 to n • i% bv 
weight ,n 50 kg of .on-exchanged water was gradually added the iron solution prepa/edabove with stTrring Throtl of 
the resulting mixture was then adjusted to 3.0. p '=p -=« owwb wim snmng. i ne pH of 

r^ J^f ^'^!^^^l^r^.^"^'' W™P'*»P»«te by neufralizalion reaction was terminated, the resulting reaction 
o^h ^ I ""^""^"^ ^^^"^'^ centrif ugation (3000 x g. for 5 minutes). Thereafter. 8M g ora^r^ 

pjTOphosphateconp^on.calculated as weight of dry basis, in the solid^^ 

;'?o^rrp^^orp;rur""'"^-^^^ 

.an^r^r^^Se^r^^^^^^ 

♦inn ^'^^ ^'"^ ^ *^ '^""'^ ^ *° « 20%^erric pyrophosphate composition solu- 
sL^STpr^^vr'"''*'"^ 
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Comparative ExanrolB 4 

In 6 kg of ion-exchanged water was dissolved 1.3 kg of fenric chloride hexahydrate to prepare an iron solution. 
To a pyrophosphate solution prepared by dissolving 2 kg of tetrasodium pyrophosphate decahydrate in 50 kg of ion- 
5 exchanged water was gradually added the iron solution prepared above with stirring. The pH of the resuKIng nriixture 
was then adjusted to 3.0. 

Next, the resulting reaction mixture was subjected to solid-liquid separation in the same manner as in Example 4. 
Thereafter, 0.78 kg of ferric pyrophosphate, calculated as weight of dry basis, in the solid phase was collected. The 
resulting product was then re-suspended in ion-exchanged water, to ^e 7.7 kg of a 10%-ferric pyrophosphate slurry. 
10 Reference Product D. 

The partide size distribution of ferric pyrophosphate contained in the resulting Reference Product D was evaluated 
in the same manner as in Example 1 . As a result, the distraaution was found to be from 02 to 5 |xm. 

CQfTTparativg ^)^ampiQ.5 

15 

To 2.0 kg of Reference Product D, a 10%-ferric pyrophosphate slurry, prepared in Conparative Example 4 was 
added 30 g of the enzymatically decomposed lecithin. The resulting mixture was sufficiently stin-ed. to prepare 2.02 kg 
of a 10%-ferric pyrophosphate slurry containing the enzymatically decomposed lecitWn, Reference Product E. 

f • Test Examoie ^ f Assaying of Iron in Sera bv Administration of Various Chatvbeatel 

A group of ten SD-male rats of 10 week old was fasted for 18 hours. Thereafter, each of Products 111 to V prepared 
in Examples 4 to 6 and Reference Products D and E prepared In Comparative Examples 4 and 5 was dissolved in dis- 
tilled waler. The resulting solution made Into concentrations of 2 mg iron/kg equivalency for one rat was forcibly orally 
25 administered to a rat with a conductor. 

Also, only water, used as a blank solution, was orally administered In the same manner as above. After administra- 
tion, blood was drawn from ji^ular after the passage of time of 0.5 hours, one hour, two hours, four hours, or eight 
hours, and sera were inrvnediately separated from each of drawn blood sarr^es. Thereafter, the Iron firon in sera) con- 
centration in sera was measured according to a standard method of International Committee for Standardization in 
30 Hematology. The results thereof are shown in Figure 2. In Figure 2, a, b. c. d. e, and f denote data for Product III, Prod- 
uct IV, Product V. Reference Product D, Reference Product E, and water, respectively. 

It is clear from tine results shown in Figure 2 that in Reference Products D and E prepared in Comparative Exam- 
ples 4 and 5. tiie iron concentrations in sera in tiie passage of lime show the maximal Iron concentration in sera In a 
period of 30 minutes to one hour after administration, and tiiereafter the iron conc^rations are drastically lowered. 
35 By contrast, in Products III to V prepared in Examples 4 to 6, tiie iron concentrations in sera show tiie maximal iron 
concentration in sera after two hours, and thereafter the iron concentrations in sera are gradually lowered. 

Next, the area! portions underneath the curve showing a total amount of iron in sera after 0.5 hours to eight hours 
from chalybeate administration are shown in Table 1. 

(' » 

Table 1 



Item 


Maximal Concentration 
in Blood (fig/dl) 


Iron Concentration In 
Sera after 8 hours from 
Administration (^g^dl) 


Area! Portion Underneath Curve for 
Iron Concentration in Sera after 0.5 
to 8 hours from Administration 
Kng/dl) • Hour] 


Product III 


380(2) 


137 


1853 


Product IV 


371 (2) 


171 


2003 


Product V 


389 (2) 


194 


2114 


Reference Product D 


340(0.5} 


128 


1460 


Reference Product E 


185 (1) 


110 


1069 


Water 


117 


113 


853 



(Remari<) 

( ): Inside parentheses show a period oi time needed to reach the maximat concentration in Islood. 
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It is dear from the results shown in Table 1 that the areal portions underneath the curve of the iron in sera of Prod- 
ucts III to V have significantly high values with a level of significance of 5% as compared to Reference Products D and 

In other words, since the level of the iron concentration in sera rises by the chalybeate administration. Products ill 
and V have clearly higher iron absorptivity and milder decrease in the iron concentration in sera as conpared to Refer- 
ence Products D and E. so that high Iron concentrations in sera are maintained even after eight hours. From the above 
It IS found that an excellent sustained-release property Is exhibited. 

Test Example 2 fTest for Tolerance Dose nf S tomach bv Repetitious Administration] 

A group of eleven SD-male rats of 10 week old was lasted for 43 hours. Thereafter, each of Product IV prepared in 
Example 5. Reference Product D prepared in Comparative Example 4. and commercially available ferrous sulfate was 
dissolved in distilled water. Each of the resulting solutions made into concentrations of 30 mg Iron/kg equivalency for 
one rat was forcibly orally administered to a rat with a probe thrice within 24 hours. 

After five hours from the final administration, the stomach was enucleated, and the tolerance dose of stomach 
showing the extent of formation of gastric ulcer was evaluated by Adami method. The evaluation results thereof are 
shown in Table 2. 

Incidentally, the numerical figures of evaluation In Table 2 mean the following: 



so 0: 
1 
2: 
3 
4 

25 5 



No formation of ulcer. 
Presence of hemorrhagic bands. 

One to five smafl ulcers, each having 3 mm or less diameter. 

One to five small ulcers, or one large ulcer 

Several large ulcers. 

Some ulcers with open holes. 



Table 2 



so 



ss 



30 


Rat No, 


Product IV 


Reference Product D 


Ferrous Sulfate 




1 


0 


0 


1 




2 


0 


0 


1 




3 


0 


1 


2 


35 


4 


0 


0 


2 




5 


0 


0 


1 




6 


0 


1 


1 


40 


7 


0 


0 


0 




8 


0 


1 


1 




9 


0 


2 


1 




10 


0 


1 


1 


45 


11 


0 


0 


1 




Mean 


0 


0.5 


1.2 




Standard Deviation 


0 


0.5 


0.6 



It is clear from the results shown In Table 2 that the formation of gastric ulcer could be partlall/ observed in Refer- 
ence Product D. whereas no changes in lesion were found in Product IV. 

o J"-!^®' " ^ aaainst the digestive tract than that of Reference 

rroduct D. 

Test Example 3 



For each of the testing solutions prepared by diluting Product V prepared in Example 6 or Reference Product D pre- 
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pared in Comparative Example 4 with water 50 times, the particle size distrilxjtion was evaluated by laser diffraction 
partide size distrftjution analyser (trade name: "HELOS," manufactured by SYMPATEC). The results thereof are shown 
in Figure 3. In Rgure 3. (A) and (B) are graphs showing the particle size distributions of Product V and Reference Prod- 
uct respectively. 

5 It is clear from the results shown in Figure 3 and the results shown in Table 2 that Product V (particle size distribu- 
tion: 0.01 to 0.3 \im) prepared in Example 6 had far smaller particles as compared to Reference Product D (particle size 
distribution: 0.2 to 5 ^m) prepared in Comparative Example 4. Therefore, it presumably shows high intracorporeal 
absorptivity. 

70 Test Example 4 

To 100 ml of commercially available milk was respectively added Product III prepared in Example 4 and commer- 
cially available iron porphyrin to allow dissolution so as to have each Iron content of 2 mg. Thereafter, sensory tests for 
strange flavor and odor were conducted by ten panelists. The evaluation results thereof are shown in Table 3. 

IS 



Table 3 



Item 


Strange Ravor (Number of Per- 
sons) 


Odor (Number of Persons) 




Strong 


Weak 


Uttie 


Strong 


Weak 


Uttle 


Product III 


0 


2 


8 


0 


1 


9 


Iron Porphyrin 


3 


6 


1 


4 


4 


2 



25 

It is clear from the results shown in Table 3 that Product III Is so excellent that it has fittie strange flavors and odors 
as compared to the iron porphyrin. 

Incidentally, in the case where the iron porphyrin was added to milk, the resulting mixture indicated black color^ion. 
so that all of the panelists hesitated to drink it 

30 

Preparation Example 1 

In 6.7 kg of water were dispersed 3 kg of egg shell calcium, 100 g of pentaglycerol monocaprate having a degree 
of polymerization of 3 or more: 97%; and a degree of polymerization of 3 to 1 1 : 94%). and 200 g of the enzymatically 
35 decomposed lecithia Thereafter, the resulting mixture was passed through an ultral^gh-pressure homogenizer, to give 
a 30% egg shell calcium composition. 

Preparation Example 2 

« 0 In 1 20 kg of ion-exchanged water were dissolved 20 kg of calcium chloride dihydrate and 3 tej of the enzymatically 
decomposed lecithin to prepare a calcium solution. 

To a solution prepared by dissolving 11 kg of sodium cart^onate and 14 kg of pentaglycerol monocaprate having a 
content of a polyglycerol having a degree of polymerization of 3 to 1 1 : 94% by weight in 260 kg of ion-exchanged water 
was gradually added the caldum solution prepared above with stin-ing. The pH of the resulting mixture was adjusted to 
45 9.0. 

After the reaction for forming the salt of calcium carbonate by neutralization reaction was terminated, the resulting 
reaction mixture was subjected to solkJ-liquid separation by centrifugation (3000 x g, for 5 minutes). Thereafter. 10 kg 
of calcium cartx)nate. calculated as weight of dry basis, formed in the solid phase was collected, and the resulting prod- 
uct was re-suspended in ion-exchanged water, to give a 10% calcium caitonate composition. 

50 

Pr^rption Example 3 

To 750ml of water were added 100 g of fructose-glucose-liquid sugar, 2.0 g of citric acid, 0.5 g of sodium citrate. 
2.0 g of Product III prepared in Example 4. and suitable amounts of periume and colorants. After mixing the resulting 
55 mixture, water was added thereto to make up a total volume of 1000 ml. to give an iron-fortified soft drink. 

Next, the resulting iron-fortified soft drink was packed in a bottle with a 100 ml portion each. Thereafter, the soft- 
drink filled bottle was sterilized with heating for 10 minutes after reaching 90''C, to prepare an iron-fortified soft drink 
containing iron 6 mg/100 ml. 
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Preparation Example 4 



10 



Water was added to 51 g of sodium caseinate. 13.5 g of coleseed oil. 13.5gofMCT 122 aofdevirin i>n««*-*H 
sugar. I.Ogofsuocinylatedmonoglyceride. I-Ogof theenzymaticallyd^cortpLed^^^^ 

g of potassium chloride. 1 0.5 mg of vitamin A ixwder 1 3 mo of h^rn^^SwI^ -J. • « ' ^ *'3^""9. 1 8 
mgofhvdrochlorideofvrtamin1^.84S^Z^?:6Z?S^^^ 

Of nfeotinic add amide. 10.5 mg of cateium pantotherBf e. aI mg S aS^l J^pZ^^Sn^S!'^%' ? 
4, arri 3.0 g of the 10%.calcium cart^nate composition solution prepared'n PrepSrSiS f!r^f 
ume of one Irter. The resulting mixture was mixed in a mixer, and ^em^sif i^^mTt^^V^^Z "^ l 



Preparation !=yflmpf» 



20 



30 mg/g and having a diameter of 10 mm. ^ sppplement tablet sweets containing iron 



Preparation ExamplA fi 



25 



30 



35 



40 



45 



added thereto, and the entirecontert«rSlb^£S 

ture. while passing through aTafe TS SSrt^rSS, nf -IhT ^ '""^ ^^ed to the resulting mix- 

Preparation Example 7 

INDUSTRIA L APPLICARII iTy 

wide range of fields such as fbod^ fe^^ Su^ ^ *° *^ "^^^ """^^ ""position can be applied in a 



Claims 



so 



55 



A mineral-containing composition comprising enzymatically decomposed lecithin and a water^nsoluWe mineral. 
lir^r!SSS%^S^^^ *° .V*'^^^" ^««-P-ed lecithin is at 
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3. The mineral-containing composition according to daim 1 , wherein said water-insoluble mineral is colloids of metal 
salts having a solubility product in water at 25°C of 1 .0 x 10''' or less. 

4- The mineral-containing composition according to daim 1. wherein said water-insoluble mineral is ferric pyrophos- 
phate, caldum carbonate, caldum phosphate or caldum pyrophosphate. 

5. The mineral-containing composition according to daim 1 . wherein said water-insoluble mineral comprises fine par- 
ticles having a particle size of 0.4 or less. 

6. The mineral-containing composition according to daim 1 , further comprising a nonionic surfactant. 

7. The mineral-containing conposition according to claim 6. wherein said nonionic surfactant is at least one com- 
pound selected from the group consisting of glycerol tatty acid esters, polyglycerol fatty add esters, sucrose fatty 
acid esters, propylene glycol fetty acid esters and sorbitan fatty add esters. 

8. The mineral-containing composition according to claim 7, wherein said polyglycerol fatty acid esters comprise a 
polyglycerol moiety having a degree of polymerization of 3 or more in an amount of 70% by weight or more. 

9. Food prepared by adding thereto a mineral-containing composition comprising enzymatlcally deconrposed lecithin 
and a water-insoluble mineral. 

10. The food according to claim 9. wherein said mineral-containing composition further comprises a nonionic sur- 
factant. 
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FIG. 1 
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FIG. 3 
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